1. The specific activities of fatty acid synthetase, acetyl-CoA carboxylase and pyruvate dehydrogenase were measured in rat adipose-tissue extracts in pregnancy and lactation. Fatty acid synthetase specific activity correlates very closely with the rate of fatty acid synthesis, the enzyme specific activity decreasing after mid-pregnancy in a manner very similar to the rate of fatty acid synthesis. Acetyl-CoA carboxylase specific activity also decreases dramatically after mid-pregnancy. Initial pyruvate dehydrogenase specfic activity shows a decrease between 2 days pre partum and 2 days post partum, but total enzyme activity shows no significant change in the same period. 2. Immunotitrations of fatty acid synthetase and pyruvate dehydrogenase activities were carried out; the titrations showed that the change in the fatty acid synthetase activity is due to a change in the enzyme amount; the amount of pyruvate dehydrogenase does not change. Therefore the decrease in fatty acid biosynthesis in subcutaneous and parametrial adipose tissue in late pregnancy and early lactation is associated with a decrease in the amount of at least one of the enzymes involved in fatty acid biosynthesis. The correlation of these events with known hormonal changes is discussed.
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In pregnancy and lactation changes in maternal fat metabolism occur which are related to the substrate requirements for foetal development and for milk production.
Fat storage in adipose tissue occurs during most of pregnancy, whereas lipid mobilization predominates during lactation (Spray, 1950; Beaton et al., 1954; Flint et al., 1979) . The change from anabolic to catabolic metabolism that occurs around parturition is associated with a sharp reduction in the rate of fatty acid synthesis (Knopp et al., 1973; Smith, 1973; Flint et al., 1979) and in the activity of lipoprotein lipase (Otway & Robinson, 1968; Hamosh et al., 1970) .
In the present study we show that the decrease in the rate of fatty acid synthesis around parturition is accompanied by a decrease in the specific activities of fatty acid synthetase and acetyl-CoA carboxylase and by a reduction of the proportion of pyruvate dehydrogenase in the active state. Furthermore the decrease in the specific activity of fatty acid synthetase is due to reduction of the amount of the enzyme. Changes in fatty acid synthesis in adipose tissue are therefore associated with profound changes in the turnover characteristics of enzymes catalysing the process. P. A. SINNETT-SMITH, R. G. VERNON AND R. J. MAYER transferase was prepared as described by Tabor et al. (1953) . Pig heart pyruvate dehydrogenase phosphate phosphatase was prepared by the method of Severson et al. (1974) , and purified pig heart pyruvate dehydrogenase was prepared by the method of Linn et al. (1972) as modified by Cooper et al. (1974) Immunological procedures. (a) Preparation of antisera. An antiserum to rabbit mammary-gland fatty acid synthetase was raised in sheep (Paskin & Mayer, 1976 (Piazzi, 1969) .
Purified pig heart pyruvate dehydrogenase (0.1 mg/ml) in 0.02 M-sodium phosphate buffer, pH 7.0, containing 0.15 M-NaCl was emulsified with an equal volume of Freunds complete adjuvant. Equal volumes (1 ml) of the emulsion were injected into four intramuscular and four subcutaneous sites on a sheep. The injections were repeated after 2, 4 and 6 weeks; at 6 weeks, IOml of blood was removed and tested for anti-(pyruvate dehydrogenase) antibodies. The following week 500 ml of blood was collected by the Seldinger wire method (Mayer & Walker, 1978) . Crude antiserum was prepared as described above and was shown to give multiple immunoprecipitation lines (results not shown) with purified pig heart pyruvate dehydrogenase by doublediffusion analysis (Ouchterlony, 1968; Piazzi, 1969 
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Time before and after parturition (days) Fig. 1 . Fatty acid synthetase specific activity in adipose tissue during pregnancy and lactation Rats were killed 10 and 2 days pre partum and 2 and 7 days post partum. Fatty acid synthetase activity was measured as described in the Experimental section. Results are expressed as means + S.E.M. or as mean + half the difference between the two measurements (where errors are large enough). 0, Fatty acid synthetase activity in parametrial adipose tissue; *, fatty acid synthetase activity in subcutaneous adipose tissue. The numbers in parentheses indicate the numbers of animals studied at each time point. dithiothreitol and 1% (w/v) Triton X-100; the homogenate was centrifuged for 7 min at 500gav to remove the fat, and the infranatant was collected.
Samples of infranatants (l00,ul) were then assayed for either fatty acid synthetase or total pyruvate dehydrogenase activity, and titrated with the appropriate antiserum. (Snedecor & Cochran, 1967 (Flint et al., 1979) .
Changes in enzyme specific activities Fatty acid synthetase specific activity of both parametrial and subcutaneous adipose tissues (Fig.  1 ) falls sharply from high specific activities at 10 days pre partum to very low activities by day 2 of lactation; a significant increase (P <0.02) in fatty acid synthetase activity is seen between days 2 and 7 of lactation in both tissues. These results confirm those obtained in preliminary experiments (SinnettSmith et al., 1979) . The changes in fatty acid synthetase activities closely parallel changes in the rate of fatty acid synthesis in both adipose tissues. Significant positive correlations were found between the rate of fatty acid synthesis and the activities of fatty acid synthetase in this (correlation coefficient 0.83, P<0.02) and in our previous study (correlation coefficient 0.98, P <0.001) .
Acetyl-CoA carboxylase activity (Fig. 2 ) also shows a sharp decrease after mid-pregnancy, the activity being considerably decreased by 2 days pre partum and becoming undetectable on the second day of lactation. This pattern is similar to that of -10-8 -6 -4 -2 0 + +4 +6 +8 Time before and after parturition (days) Fig. 2 . Acetyl-CoA carboxylase activity in adipose tissue during pregnancy and lactation Rats were killed as described in Fig. 1 (Figs. 3 and 4) . Since the immunotitration lines are statistically identical, no immunochemically reactive but enzymically inactive fatty acid synthetase or pyruvate dehydrogenase is present in adipose-tissue extracts. This means that the activities of fatty acid synthetase and total pyruvate dehydrogenase present in the cell are proportional to the enzyme amounts; therefore the changes in fatty acid synthetase activity (Fig. 1) are due solely to changes in the enzyme amount; the amount of pyruvate dehydrogenase does not change.
Protein content and adipose-tissue weight
During pregnancy and lactation there is no change in adipose-tissue cell number, whereas the mean cell volume changes considerably; in particular, there was a marked decrease in mean cell volume around parturition (Flint et al., 1979) . The weight of adipose tissue (Table 2 ) also seems to decrease between 2 days pre partum and 2 days post partum, but this was not statistically significant.
However, there is a significant decrease in the amount of protein per fat-pad between 2 days pre and post partum in both parametrial and subcutaneous adipose tissues, but this is regained by day 7 of lactation ( (12) 1.21±0.14 (11) Activity added (munits) Fig. 3 . Immunotitration offatty acid synthetase activity Rats were killed as described in Fig. 1 . Immunotitration of pyruvate dehydrogenase activity Rats were killed as described in Fig. 1 ; the total pyruvate dehydrogenase activity was titrated against 0.2,1 of anti-(pyruvate dehydrogenase) serum or control serum (see the Experimental section). Each point represents the mean of measurements on six animals at 10 and 2 days pre partum, and three animals at 2 and 7 days post partum. S.E.M. values are not shown, but did not exceed 20% and were generally below 10%. The straight lines were obtained by linear-regression analysis on all the points. (8) 16.9+ 1.48 (11) 12.9 ±0.59 (6)* 17.0+ 3.07 (6) shown). Despite the changes in total protein content of the two fat-pads, no statistically significant change in the total pyruvate dehydrogenase activity of either parametrial or subcutaneous fat-pads was found between 10 days pre partum and 7 days post partum.
Discussion
Regulation ofadipose-tissue metabolism During pregnancy and lactation there appear to be coordinated changes in the rate of fatty acid synthesis and the lipoprotein lipase activity of adipose tissue, which reflect the accumulation and mobilization of fat in the tissue (Flint et al., 1979) .
The decrease in fatty acid synthetase activity ( Fig.  1) , which is due solely to a decrease in the amount of the enzyme and not to inactivation of a constant amount of the enzyme, parallel the decrease in the rate of fatty acid synthesis.
Changes in the specific activity of acetyl-CoA carboxylase were also very similar to those of the rate of fatty acid synthesis over the period of study. However, the better correlation of fatty acid synthetase activity (and hence amount) to the rate of fatty acid synthesis, suggest that changes in the amount of this enzyme are responsible for the changes in the rate of fatty acid synthesis. These conclusions are supported by Guynn et al. (1972) , who suggested that inhibition of acetyl-CoA carboxylase is responsible for short-term control of fatty acid synthesis, whereas long-term changes are brought about by changes in the amount of fatty acid synthetase present in the cell.
The initial pyruvate dehydrogenase activity shows a decrease between 2 days pre partum and 2 days post partum, but the total activity and amount of enzyme present in the cell show no significant change. Therefore pyruvate dehydrogenase may impose some limiting effect on the rate of fatty acid synthesis by the reduction of the proportion in the active state, but no long-term adaptations in pyruvate dehydrogenase amount seem to occur.
The specific activities of some enzymes in fatty acid biosynthesis in adipose tissue do not change during pregnancy and lactation. For example, glucose 6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase activities do not change significantly (Smith, 1973) .
The decrease in the amount of fatty acid synthetase is presumably brought about by a selective mechanism involving changes in the turnover characteristics of this enzyme (i.e. rates of synthesis and/or degradation), but the factors responsible are not yet known. The amount of fatty acid synthetase in adipose tissue is reduced by glucocorticoid administration to adult rats and increased by adrenalectomy. This occurs because the rate of synthesis of the enzyme is decreased and increased respectively (Volpe & Marasa, 1975) . Also, insulin stimulates the synthesis of fatty acid synthetase in liver (Lakshmanan et al., 1975) .
Glucocorticoid concentrations increase sharply to a peak at the end of pregnancy (see Kuhn, 1977) while insulin concentrations decline (Sutter-Dub et al., 1974; Kuhn, 1977; Flint et al., 1979) . Similarly the number of insulin receptors of the adipocytes rises during early pregnancy and fall around parturition (Flint et al., 1979) . Any, or all, of these changes could be responsible for the decrease in the amount of fatty acid synthetase of adipose tissue around parturition. However, the serum concentrations of other hormones change around parturition (Kuhn, 1977) , so further factors may also be involved.
There is a decrease in the total protein concentration and a relatively greater decrease in the concentration of fatty acid synthetase of rat adipose tissue around parturition. It would seem probable that there may be similar disproportionate decreases in the concentration of other enzymes in the tissues at this time. This possibility deserves further investigation, since it may reveal a regulated programme of turnover of specific enzymes, such as that which is well-characterized in mammary gland (Mayer & Paskin, 1978; Paskin & Mayer, 1978) . However, in adipose tissue in late pregnancy and lactation, changes in enzyme-turnover characteristics result in decreased enzyme amounts, in contrast with mammary gland, where an increase in cell-specific enzyme amounts occurs. In mammary gland the amount of fatty acid synthetase increases because enzyme synthesis is increased severalfold while enzyme degradation is transiently decreased. The mechanisms responsible for these differences between the two tissues are unknown, but differential responses to hormones would seem likely to be involved. In this context it is probable that the decrease in number of insulin receptors of adipocytes around parturition may have a critical role in the regulation of enzyme synthesis and degradation in the tissue at this time.
Immunotitrations of fatty acid synthetase and pyruvate dehydrogenase activities Immunochemical methods have been used to show whether enzyme activity changes are due to changes in enzyme amount. Two aspects of the immunotitrations are of interest.
The first is that the residual activity of both enzymes is lower than can be accounted for by immunoinhibition by the antisera. This effect is due to a loss of enzyme activities with time. This phenomenon was noted during preliminary experiments (results not shown) and in other published immunochemical studies with both long and short incubation times (Joshi & Sidbury, 1976; Volpe et al., 1973) . The incubation times in the titrations reported here minimized the time-dependent loss of enzyme activities.
A second anomaly was observed during titration of fatty acid synthetase activity. Activities measured with control serum indicate activation of the enzyme. This activation is probably caused by the removal of fatty acids from the incubation mixtures by binding to serum proteins. The protein concentrations of anti-(fatty acid synthetase) serum and control serum were 32 and 57mg/ml respectively. The higher protein concentration in incubations with control serum may therefore have decreased the fatty acid concentration sufficiently to produce a de-inhibition of fatty acid synthetase activity.
